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Abstract: In Mesoamerica, maize is one of the most important food crops, with México
being the center of its origin, domestication, and diversity. The state of Chiapas in southern
Mexico is one of the areas with the highest maize landrace diversity. However, information
on its genetic diversity, conservation status, and the potential use of maize landraces
throughout the entire Chiapas region is lacking. One region where local farmers use and
preserve a wide diversity of maize landraces is the Zoque region. Until now, however,
the genetic diversity of these maize landraces has not been studied. The aim of this study
was to analyze the diversity and genetic structure of maize cultivated in the Zoque region,
from Chiapas, Mexico, by using 17 landraces and 48 ISSR loci. The analysis revealed two
genetic groups based on geographical origin. The genetic diversity level was moderate
(Hbay = 0.29 and I = 0.36) and distributed mainly within landraces (70%). The maize
landrace blanco belongs to the Tuxpeño race and Bacalito blanco belongs to the Olotillo race
from the Miguel Hidalgo municipality have greater diversity values (Hbay = 0.36, I = 0.45
and Hbay = 0.35, I = 0.45, respectively). The results indicated that the maize landraces
cultivated in the Zoque region, Chiapas, Mexico, constitute a valuable genetic resource that
can be used for genetic improvement and in conservation programs.

Keywords: maize landraces; genetic diversity; molecular marker; plant genetic resources

1. Introduction
Maize (Zea mays L.) is one of the most widely used grains in the world, particularly in

Mesoamerica, where it is one of the most widely distributed and diverse crops. The center
of origin, domestication and diversity of maize is in Mexico, where a wide genetic diversity
is expressed through the different landraces resulting from natural and sociocultural
processes [1–4]. Looking at the southern region of Mexico, Orozco-Ramírez et al. [5]
considered Chiapas as one of the areas with the highest maize diversity, with 18 different
races. The most commonly cultivated among them are Oloton, Olotillo, Tuxpeño, Zapalote
chico, Zapalote grande, and Comiteco. Over time, the management, cultivation and uses of
these races by local farmers have allowed the development of a wide diversity of maize
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landraces; these can be distinguished by different characteristics such as grain color, ear
size, and cultivation cycle [6].

Despite the importance of maize landrace diversity in Chiapas, very few studies have
focused on genetic diversity throughout the entire region [7]. Instead, the Frailesca region,
which covers six municipalities (Villaflores, Villa Corzo, El Parral, Angel Albino Corzo, La
Concordia, and Montecristo de Guerrero), has received all the attention. Such studies have
covered various aspects related to maize landraces, such as ethnobotany [8], morphological
diversity [6,9,10], historical or cultural processes [3], and genetic diversity [4,11]. The
results of these works offer a general overview of the diversity present in the maize
landraces cultivated in the Frailesca region of Chiapas, highlighting the importance of
further evaluating other regions.

One region where local farmers use and preserve a wide diversity of maize landraces
is the Zoque region, which covers 12 municipalities (Ocotepec, Tapilula, Tapalapa, Rayón,
Tecpatán, Chapultenango, Francisco León, Ixhuatán, Jitotol, Ostuacán, Pantepec, and Co-
painalá) [12]. In this region, a high percentage of the population speak the indigenous
language, and most families rely on small-scale agriculture—or “Milpa”—for their subsis-
tence. In this production system, the farmers plant a group of basic crops such as maize
(Zea mays L.), squash (Cucurbita spp.), and beans (Phaseolus vulgaris L.) [13,14]. In the case
of maize grown in the milpa, several common management features contribute to the
diversity of the crop, including the persistence of local maize types, cultivation of different
maize landraces, acquisition of new seeds from neighbors or more distant sources, and
selection of seeds from harvested ears [15]. However, until now, the genetic diversity of
maize landraces cultivated in the Zoque region has not been studied. In this regard, a
series of genetic markers have been developed to analyze and evaluate the genetic diversity
of plants [16]. Among the different molecular markers used to study genetic diversity in
maize, inter-simple sequence repeats (ISSRs) have been widely used [12,17,18]. ISSR mark-
ers are dominant, allowing the detection of polymorphism without previous knowledge of
DNA sequences. They are also rapid, simple, and cheap for assessing diversity and genetic
structures; as such, the application of an adequate number of ISSR markers has gained
acceptance for genetic diversity evaluation in maize landraces [19–22]. In this study, ISSR
markers were used for the first time to analyze the diversity and genetic structure of maize
landraces cultivated in the Zoque region of Chiapas, Mexico. To generate basic information
that can be used in participatory breeding and to develop in situ and ex situ conservation
programs in this important cultural region.

2. Materials and Methods
2.1. Maize Collection

A total of 17 maize landraces were collected directly from fields (in traditional farming
systems called “Milpa”) in two communities where Milpa production remains an important
economic activity for families who sow and conserve a wide genetic diversity of maize
landraces: these two communities are Benito Juárez and Miguel Hidalgo in the municipality
of Copainala in the Zoque region, located in the northeastern part of the state of Chiapas
in southeastern Mexico (Figure 1). The maize landraces were identified according to their
collection number, local name and collection site. We collected seven maize landraces from
fields in Benito Juárez and ten from Miguel Hidalgo (Table 1).
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Figure 1. Geographic location of the communities of the Zoque region in the northeastern area of
Chiapas, Mexico, where the maize was collected.

Table 1. Data from the 17 landraces collected from communities in Benito Juárez and Miguel Hidalgo
from the municipality of Copainalá, Chiapas, Mexico.

Collection
Number Local Name Race Collection Site Altitude

(m)
Precipitation

(mm)

1 Bacalito blanco Olotillo Benito Juárez 1155 1200
2 Bacalito joloche morado Olotillo Benito Juárez 1155 1200
3 Bacalito amarillo Olotillo Benito Juárez 1155 1200
5 Bacalito blanco Olotillo Benito Juárez 1155 1200
6 Quechulteco Tehua Benito Juárez 1155 1200
7 Bacalito blanco Olotillo Benito Juárez 1155 1200

12 Bacalito blanco Olotillo Benito Juárez 1155 1200
18 Blanco Tuxpeño Miguel Hidalgo 951 1000
20 Bacalito crema Olotillo Miguel Hidalgo 951 1000
22 Blanco Tuxpeño Miguel Hidalgo 951 1000
23 Bacalito blanco Olotillo Miguel Hidalgo 951 1000
24 Pinto Tuxpeño Miguel Hidalgo 951 1000
25 Bacalito blanco Olotillo Miguel Hidalgo 951 1000
26 Bacalito blanco Olotillo Miguel Hidalgo 951 1000
27 Pinto Tuxpeño Miguel Hidalgo 951 1000
28 Bacalito blanco Olotillo Miguel Hidalgo 951 1000
29 Bacalito blanco Olotillo Miguel Hidalgo 951 1000

2.2. Extraction and Amplification of DNA

Genomic DNA extraction was carried out at the Molecular Genetics Laboratory of
Tecnológico Nacional of México, Conkal campus. Twenty seeds from each maize landrace
were germinated using the between-paper method described by Rao et al. [23]. Genomic
DNA was extracted from young leaves that were free of pests, diseases, and mechanical
damage from a total of 12 individual plants for each maize landrace using DNeasy® Plant
Mini Kit (QIAGEN, Hilden, Germany) following the supplier’s instructions. The quality
of DNA was verified by electrophoresis in 1% agarose gel stained with 1 µL of Uview 6x
loading dye (BioRad, Hercules, CA, USA) in 1x TBE buffer solution. For PCR amplification
of the 15 ISSR primers tested, seven were selected that yielded good amplification and high
polymorphism levels for maize [11,19–21] (Table 2). PCR amplifications were carried out in
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a total volume of 20 µL containing 10 µL of iTaq Universal SYBR Green Supermix (Bio-Rad),
2 µL of ISSR primer, 1 µL of template DNA (50 ng/reaction), and 7 µL of ultra-pure water.
DNA amplification was performed in a C1000 Touch thermal cycler (BioRad, Hercules,
CA, USA) programed for 4 min at 94 ◦C for initial denaturing, followed by 35 cycles of
2 min at 94 ◦C; 1.5 min of annealing at 52 or 54 ◦C depending on the primer used; 1 min at
72 ◦C; and a final extension of 7 min at 72 ◦C. The amplification products were separated by
electrophoresis in 1% agarose gel stained with 1 µL of Uview 6x loading dye (BioRad) with
1x TBE buffer solution at a constant 110 V for 45 min. A 1 kb molecular marker standard
was included in each gel, and the bands were visualized using the Gel Doc EZ Imager
program (BioRad, Hercules, CA, USA).

Table 2. ISSR primers utilized in the molecular characterization of 17 maize landraces from the Zoque
region of Chiapas.

ISSR Primer Primer Sequence Annealing Temperature (◦C)

TACAGA3G TACAGCAGCAGCAG 50
AG8T AGAGAGAGAGAGAGAGT 52

GACA4 GACAGACAGACAGACA 52
CA8T CACACACACACACACAT 52
TC8C TGTGTGTGTGTGTGTGC 52

AC8CG ACACACACACACACACCG 50
AG8C AGAGAGAGAGAGAGAGC 52

2.3. Data Analysis

Each ISSR band was considered as an independent locus, and polymorphic bands
were scored as absent (0) or present (1) for all samples. Only clear and reproducible bands
were used for the analysis.

2.3.1. Genetic Structure

The genetic structure was analyzed based on two methods. In the first, an individual
assignment test was performed using Bayesian clustering approaches, as implemented
in STRUCTURE v. 2.3.4 [24]. We used the admixture model with uncorrelated allele
frequencies with a burn-in period of 100,000 and a run length of 1,000,000 Markov Chain
Monte Carlo (MCMC) steps. Ten independent simulations were run for each value of
K ranging from K = 1 to K = 5. The optimal value of K was determined according to
Evanno et al. [25] using StructureSelector [26]. Finally, ancestry graphs for the optimum K
value were generated using STRUCTURE. The second method used to analyze the genetic
structure was an analysis of molecular variance (AMOVA) considering three levels—total
landraces (including all maize landraces), between-maize landraces, and within-maize
landraces—using the GenAlEx 6.5 software.

2.3.2. Genetic Relationships

To analyze the genetic relationships among maize landraces from the Zoque region,
Chiapas, genetic data were analyzed with an UPGMA dendrogram using Euclidian distance.
The tree topology was evaluated with 1000 bootstrap replicates with PAST [27].

2.3.3. Genetic Diversity

Genetic diversity was evaluated on two levels—maize landraces and observed
groups—through the following allelic richness indices: percentage of polymorphic loci
(% P), observed number of alleles (na), effective number of alleles (ne), and the better
estimators of genetic diversity for analyzing dominant marker data, the Shannon–Weaver
diversity index (I) and expected heterozygosity with a Bayesian approach (HBay). The
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allelic richness indices and Shannon–Weaver diversity index were obtained using POP-
GENE v. 1.31 [28]. The expected heterozygosity (HBay) was calculated using AFLPSURV v.
1.0 [29].

3. Results
3.1. Genetic Structure

The Evanno method results [25] showed a maximum point of inflection at K = 2 for all
accessions analyzed, indicating the existence of two genetically distinct groups (Figure 2).

 
Figure 2. Graph of Delta K to estimate the number of genetic groups among 17 maize landraces from
Chiapas, Zoque region.

The bar graph (Figure 3) shows the ancestry coefficients of the 204 samples analyzed
in the 17 maize landraces studied. Two genetically differentiated groups can be observed.
Group I (in green) was the most diverse and included eleven maize landraces, eight of
which are white seed (six of which are part of the Olotillo race named locally as Bacalito 1,
5, 12, 23, 25, and 28), two belong to the Tuxpeño race (locally called Blanco 18 and 22), one
purple-colored maize landrace (which is part of the Olotillo race, Bacalito morado, landrace
2), one yellow seed landrace (belonging to the Olotillo race, Bacalito amarillo, landrace 3),
and the quechulteco landrace (belonging to the Tehua race landrace 6). Of these eleven
accessions, six were collected in the Benito Juárez locality (landraces 1, 2, 3, 5, 6, and 12)
and five in Miguel Hidalgo (landraces 18, 22, 23, 25, and 28). Group II (in red) grouped six
maize landraces, of which three corresponded to white seed maize landraces belonging to
the Olotillo race (Bacalito blanco, landraces 7, 26, and 29), one cream seed landrace from
the Olotillo race (named Bacalito crema, landrace 20), and two maize landraces of colored
seeds belonging to the Tuxpeño race (named Pinto 24 and 27). This group was less diverse
and included five accessions collected in the Miguel Hidalgo area and one in Benito Juárez.
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Figure 3. The number of groups generated in the genetic structure calculated for K = 2. Each maize
landrace is represented by a vertical bar. Maize landraces marked with the numbers 1, 2, 3, 5, 6, 7,
and 12 in black color belong to Benito Juarez locality and those marked with the numbers 18, 20, 22,
23, 24, 25, 26, 27, 28, and 29 in blue color belong to Miguel Hidalgo locality.

A molecular variance analysis (AMOVA) at the maize landrace level indicated that the
greatest genetic variability is distributed within the maize landraces with 70% of the total
variability, while only 30% of the observed variability was distributed between accessions.
At the level of genetic groups, greater variability was observed within the formed groups
(96%) compared to that observed between groups (4%) (Table 3).

Table 3. Molecular variance analysis (AMOVA) between and within accessions and groups.

Source of Variation Df SS MS ED Variability (%)

Between accessions 16 547.824 34.239 2.394 30%
Within accessions 187 1029.583 5.506 5.506 70%

Total 203 1577.407 7.900 100%
Between groups 1 41.477 41.477 0.343 4%
Within groups 202 1535.930 7.604 7.604 96%

Total 203 1577.407 7.946 100%
Df = degrees of freedom, SS = sum of squares, MS = mean squares, ED = standard deviation.

3.2. Genetic Relationships

The results of the UPGMA analysis (Figure 4) grouped the 17 maize landraces into
two main groups, with a general grouping based on geographical origin. The first group is
made up of ten landraces, of which seven belong to the Olotillo race (landraces 7 Bacalito
blanco, 20 Bacalito crema, 12 Bacalito blanco, 2 Bacalito morado, 1 Bacalito blanco, 5 Bacalito
blanco, and 3 Bacalito amarillo), one belongs to the Tehua race (landrace 6 quechulteco),
and two belong to the Tuxpeño race (landraces 18 blanco and 22 blanco). These landraces
were collected in the Benito Juárez area, with only landraces 18, 20, and 22 being collected
in Miguel Hidalgo. The second group was composed of seven maize landraces, five of
which have white seeds and belong to the Olotillo race (landraces 25 Bacalito blanco,
23 Bacalito blanco, 28 Bacalito blanco, 29 bacalito blanco, and 26 bacalito) and the re-
maining two have colorful seeds and belong to the Tuxpeño race (Maize landraces
24 and 27 named Pinto). All the accessions that belong to this group were collected in the
Miguel Hidalgo area. With some exceptions, the topology observed in UPGMA (Figure 4)
is consistent with the groups observed in the structure analysis (Figure 3). The exceptions
are the inclusion of maize landraces 7 and 20 in group 1 of the UPGMA, whereas, in the
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structure analysis, these two accessions were grouped together in group 2. By contrast,
maize landraces 23, 25, and 28 were included in group 2 of the UPGMA, but, in the structure
analysis, these three accessions were in group 1.
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Figure 4. The UPGMA dendrogram of the genetic relationships of the maize landraces of two regions
in Chiapas, Mexico. Branch colors correspond to the colors assigned for each maize landrace in the
structure analysis in Figure 3. Maize landraces marked with the numbers 1, 2, 3, 5, 6, 7, and 12 in
black color belong to Benito Juarez locality and those marked with the numbers 18, 20, 22, 23, 24, 25,
26, 27, 28, and 29 in blue color belong to Miguel Hidalgo locality.

3.3. Genetic Diversity

The seven ISSR primers generated a total of 48 loci, 32 of which were polymorphic.
Table 4 shows the indices of allelic richness and genetic diversity of the 17 maize landraces
collected in the two communities of the Zoque region, Chiapas, with a general average of
31 polymorphic loci corresponding to 66% of the total. The maize landrace 28 Bacalito
blanco presented the highest number of polymorphic loci, while the landraces 6 Quechul-
teco and 12 Bacalito blanco presented the lowest numbers of polymorphic loci, with 50%
in both.

The average number of alleles observed in the whole sample was 1.86 ± 0.46, with
the maize landrace 28 Bacalito blanco presenting the highest at 1.83 ± 0.37; meanwhile,
landraces 6 Quechulteco and 12 Bacalito blanco presented the lowest number of observed
alleles. The average number of effective alleles was 1.43 ± 0.38, with maize landrace
22 Bacalito blanco presenting the highest number at 1.56 ± 0.38, while that the landraces
1 Bacalito blanco and 24 Pinto obtained the lowest numbers of effective alleles with 1.30 in
both landraces. With respect to the index of genetic diversity, as evaluated by the expected
heterozygosity under a Bayesian approach (Hbay), an overall average of 0.29 ± 0.01 was
found. The maize landrace 22 Bacalito blanco presented the greatest genetic diversity with
0.36 ± 0.02, while maize landrace 12 Bacalito blanco presented the least genetic diversity
with 0.24 ± 0.02. When genetic diversity was evaluated using the Shannon index (I), the
average was 0.36 and landraces 22 and 28, both Bacalito blanco, were those with the highest
genetic diversity at 0.45 (Table 4).
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Table 4. Genetic diversity index of 17 maize landraces collected from Benito Juárez and Miguel
Hidalgo communities, Zoque region, Chiapas, México.

Population NLP PLP Na Ne HBay I

1. Bacalito blanco 31 64.58 1.64 ± 0.48 1.30 ± 0.37 0.27 ± 0.02 0.32 ± 0.28
2. Bacalito joloche morado 39 81.25 1.81 ± 0.39 1.48 ± 0.33 0.33 ± 0.02 0.43 ± 0.25
3. Bacalito amarillo 31 64.58 1.64 ± 0.48 1.40 ± 0.40 0.29 ± 0.02 0.34 ± 0.29
5. Bacalito blanco 33 68.75 1.68 ± 0.46 1.48 ± 0.38 0.33 ± 0.02 0.39 ± 0.29
6. Quechulteco 24 50 1.5 ± 0.50 1.32 ± 0.39 0.25 ± 0.02 0.27 ± 0.29
7. Bacalito blanco 28 58.33 1.58 ± 0.49 1.43 ± 0.41 0.26 ± 0.03 0.34 ± 0.31
12. Bacalito blanco 24 50 1.5 ± 0.50 1.32 ± 0.39 0.24 ± 0.02 0.27 ± 0.30
18. Blanco 33 68.75 1.68 ± 0.46 1.46 ± 0.40 0.33 ± 0.02 0.38 ± 0.29
20. Bacalito crema 29 60.42 1.60 ± 0.49 1.45 ± 0.40 0.28 ± 0.03 0.36 ± 0.30
22. Bacalito Blanco 39 81.25 1.81 ± 0.39 1.56 ± 0.40 0.36 ± 0.02 0.45 ± 0.26
23. Bacalito blanco 27 56.25 1.56 ± 0.50 1.34 ± 0.38 0.23 ± 0.02 0.29 ± 0.29
24. Pinto 29 60.42 1.60 ± 0.49 1.30 ± 0.36 0.23 ± 0.02 0.27 ± 0.27
25. Bacalito blanco 30 62.5 1.62 ± 0.48 1.43 ± 0.40 0.28 ± 0.02 0.35 ± 0.30
26. Bacalito blanco 29 60.42 1.60 ± 0.49 1.42 ± 0.42 0.28 ± 0.03 0.34 ± 0.30
27. Pinto 37 77.08 1.77 ± 0.42 1.53 ± 0.38 0.33 ± 0.02 0.44 ± 0.27
28. Bacalito blanco 40 83.33 1.83 ± 0.37 1.51 ± 0.33 0.35 ± 0.02 0.45 ± 0.23
29. Bacalito blanco 36 75 1.75 ± 0.43 1.49 ± 0.38 0.31 ± 0.02 0.41 ± 0.27
Promedio 31 66 1.66 ± 0.46 1.43 ± 0.38 0.29 ± 0.01 0.36 ± 0.28

Mean ± SD = means ± standard deviations, NLP = number of polymorphic loci, PLP = percentage of polymor-
phic loci, Na = observed number of alleles, Ne = effective number of alleles, HBay = expected heterozygosity,
I = Shannon index. Landraces 1, 2, 3, 5, 6, 7, and 12 were collected in Benito Juárez. Landraces 18, 20, 22, 23, 24, 25,
26, 27, 28, and 29 were collected in Miguel Hidalgo.

4. Discussion
4.1. Genetic Structure

Based on the individual assignment test and UPGMA cluster analysis, the results show
that the genetic structure of the maize landraces studied could be divided into two genetic
groups, consistent with their geographical origin. Similar results have been reported in
other studies, where a geographical clustering pattern was observed [11,30,31] rather than
variations in maize landraces as evaluated via genotype characteristics, environmental
adaptation, color, or grain type, as reported by Adu et al. [32]. In this study, the association
between genetic groups and their geographical origin may be due to the fact that farmers
from the communities of the Zoque region, Chiapas, Mexico, preserve their landraces
because of the favorable characteristics related to the handling and consumption of the
maize. These include, for example, easier kernel removal, kernels of greater weight and
size, and shorter cooking times.

The AMOVA results show that the distribution of genetic diversity was higher within
maize landraces and within observed genetic groups. This finding is consistent with the
results of Dube et al. [33] and Da Silva et al. [34], who observed that the partition of genetic
diversity between and within populations was significantly greater within populations. In
general, this result has also been found in allogamous plants where there is a high genetic
variation within populations and low among them [34,35]. In addition, in allogamous
species, molecular markers typically reveal high heterozygosis within populations, which
results in low differentiation between them [34].

4.2. Genetic Relationships

The UPGMA analysis of genetic relationships is in agreement with the formation of
two genetic groups; however, it presented some differences with the individual assignment
analysis (Figures 3 and 4). Similar results were reported by Santos et al. [12] for maize
landraces from southeastern Mexico. In the present work, five exceptions were found
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between the UPGMA and structure analysis (7, 20, 23, 25, and 28). In the case of the
maize, landrace 7 Bacalito blanco was collected in the Benito Juárez area; however, in the
structure analysis, it was grouped with those collected in the Miguel Hidalgo area. For
landrace 20, the opposite occurred: it was collected in the Miguel Hidalgo area, but it was
grouped with the accessions collected in Benito Juárez in the structure analysis. Similarly,
landraces 23, 25, and 28 were collected in the Miguel Hidalgo area; however, in the structure
analysis, these accessions were grouped with those collected in Benito Juárez. Cömertpay
et al. [36] mention how one of the reasons for non-relatedness between landraces from the
same region could be due to the unconscious selection of favorable alleles by farmers who
select landraces with better adaptation to local agroclimatic conditions. Another reason
could be the exchange of seeds with farmers from distant regions or the migration of lan-
draces among regions, followed by mixing and introgression with pre-existing germplasms.
On the other hand, Takur et al. [37] mention how the non-relatedness of landraces from the
same region may reflect gene flow among different maize landraces in different regions
or environments.

In this study, the five maize landraces which were not grouped with those of the
same collection area are those belonging to the Olotillo race; they share the following
characteristics: they are short-cycle maize landraces, present easier kernel removal and
higher grain yields, have shorter cooking times, yield higher dough quantities, and produce
better-tasting tortillas. These characteristics make farmers and housewives prefer them for
sowing and consumption. A possible explanation for the lack of grouping between these
five maize landraces (7, 20, 23, 35, and 28) and those belonging to the same area could be the
exchange of seeds by farmers between the two studied localities with the aim of obtaining
landraces with the best characteristics for sowing and consumption. Other explanations
could be the relatively low number of ISSRs used or the effects of natural selection, genetic
drift, unintentional outcrossing, and mutation [37].

4.3. Genetic Diversity

The seven ISSR primers used were successful in this study, presenting polymorphism
in the maize landraces from the Zoque area of northeastern Chiapas. The percentage of
general polymorphic loci was 66%, with a between-landraces range of 50 to 83%. Similar
results have been reported in other genetic diversity and structural studies of maize lan-
draces using dominant ISSR and RAPD markers [12,16,38]. Of the seven primers used in
this study, four (GACA4, AG8C, AG8T, and CA8T) have demonstrated their usefulness
in evaluating genetic polymorphism in native maize populations reaching polymorphism
levels in the range of 85 to 100% [11,17]. The average levels of genetic diversity with both
estimators (Hbay = 0.29 and I = 0.36) was moderate, showing that both estimators (Hbay
and I) could be good genetic diversity estimators for dominant markers. These genetic
diversity values were below those reported by other authors [4,30,31,33,38], but similar to
those reported by Adu et al. [32] on inbred lines of tropical maize; by Da Silva et al. [34] on
popcorn accessions from the Brazilian germplasm bank; by Soliman et al. [21] in accessions
of maize from Genebank of the Institute of Plant Genetics and Crop Plant Research (IPK),
Germany; and by Santos et al. [11] in maize landraces from Mexico. The variation between
our results and the findings reported by the authors mentioned above could be attributed
to the differences in the markers used, the area explored in each study, the number of
landraces evaluated, and the number of markers used.

In this work, we also found that maize landraces 22 and 28, called Bacalito blanco of
the Olotillo race, had the greatest genetic diversity. This may occur because these types
are the most cultivated by local farmers, and thus better adapted to the local conditions
of the studied region. In general, the local varieties belonging to the Olotillo race were
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the most genetically diverse. This result is consistent with those of Barrera et al. [39], who
observed that the populations of maize belonging to the Olotillo race presented high levels
of diversity. In general, the levels of diversity observed in this study may largely be due to
the fact that maize is an open-pollination species; this condition allows a high outcrossing
rate between maize landraces, which may influence their maintenance and increase their
genetic diversity [40]. In addition, maize landraces were sampled in two regions with
variable environmental and geographical conditions, which could also influence the level
of diversity observed.

5. Conclusions
The results of this study contribute insights into the structure and genetic diver-

sity of maize landraces in the Zoque region, Chiapas, Mexico. The results showed
that the genetic diversity of the local varieties in the Zoque region, Chiapas are struc-
tured into two genetic groups based on their geographic origin. The greatest genetic
diversity is distributed within maize landraces and within observed genetic groups.
Five maize landraces (7, 20, 23, 35, and 28) were not grouped according to their ge-
ographical origin. The level of total genetic diversity was moderate. The maize
landraces 22 and 28, both Bacalitos part of the Olotillo race, showed the greatest genetic
diversity. Our results indicate that the landraces collected in the Zoque region, Chiapas,
Mexico, constitute a valuable genetic resource that can be used for genetic improvement
and conservation programs both ex situ and in situ. In this sense, we recommend starting
conservation programs that include a wide collection effort to save all maize landraces in a
gene bank and promote the planting of all varieties among all producers and their families
as part of an in situ conservation program.
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